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ABSTRACT. In this paper, a new bipolar neutrosophic similarity measure and 
entropy of bipolar neutrosophic set have been developed. The properties of bipolar 
neutrosophic similarity and entropy are proved. Finally, an example is presented 
to demonstrate the effectiveness of bipolar neutrosophic similarity and entropy. 


Key words: Neutrosophic Set, Bipolar, Similarity, Entropy 


1. INTRODUCTION 


Florentin Smarandache introduced the idea of neutrosophic set (NS) [1] in 1998 and 
it is characterised by three independent membership functions like truth membership 
function T’, indeterminacy membership function J, and falsity membership function 
F’. The bipolar neutrosophic set (BNS) was introduced by Ifran.D and Mumtaz Ali 
in 2015 and the bipolar neutrosophic set is generalized from neutrosophic sets 
and bipolar fuzzy sets. This emerging technique in fuzzy mathematics is obtained 
from the origin source of fuzzy sets [8]. Further, many researchers have devloping 
the concept of bipolar neutrosophic set with their applications. 

R.M.Hashim and M.Gulistan [4] applied bipolar neutrosophic sets for planning to 
build the hospital and they introduced various operators and similarity measures in 
BNS. Vakkas.U, Irfan and M.Sahin proposed [5] novel similarity measures for BNS 
with application. S Broumi, et al.[6] introduced bipolar complex neutrosophic set 
with its similarity measure. Pattern recognition is one of the trending real time 
applications, in that the researchers dealt with interval valued bipolar neutrosophic 
(IVBN) [7 set. Further, the IVBN is developed by Surapati P, et al.|8] and they give 
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various correlation coefficient measures to IVBN. The application of neutrosophic 
bipolar fuzzy sets is explained in [2] 4] with detailed information including some 
operations and measures. 

This paper is orgainzed as follows: The basic concept of neutrosophic set (NS) 
is explained in section 2; In section 3, bipolar neutrosophic set (BNS) is reviewed 
with their operations; the strategy is introduced in section 4, the application of the 
strategy is demonstrated step by step in section 5. Finally, section 6 contains the 


conclusion of the paper. 


2. PRELIMINARIES 


This section contains the fundamental concept of neutrosophic sets with their 


operations. 


Definition 2.1. let X be a universe of discourse or a non empty set. Any object in 
the neutrosophic set B has the form B = < 2, 1p(x),oB(X), yB(x) > x € X, where 
[ip(x),op(x) and yp(x) represent the degree of truth membership, the degree of 
indeterminacy and the degree of falsity membership respectively of each element 
x € X to the set B. 


Definition 2.2. Let Ayg be a neutrosophic set in X and it is defined as 
Ans = {x, < F(a), Tale), la) >I rkEe XxX} 
where T4,J4,Fa : X — (0,1) and Ty,(ax)—truth membership value, 


I,4(x)—indeterminacy membership value and F'4(x)— falsity membership value 
such that 0 < T(z) + Ia(x) + Fa(z) < 3. 


Definition 2.3. Let two neutrosophic numbers be A= T,,4,, fF, > and B=< 
T>, I2, Fh >. Then, the operations them are defined as follows: 
i AA=<1-(1-T)),2B,F > 
i, AY=< 7.1 = (= 1-1-4) s 
ii, AFP Ho 74ST hie 
im AS =< 71. that hehe 


Definition 2.4. Let A and B be a two neutrosophic sets. Then A C B, if and only 
it Paley < Tele siale) < Tate): Fale) > Pala), vo eX. 
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Definition 2.5. The complement of neutrosophic set A is denoted by A® and is 
defined by A° = {< a, F4(x),1— I4(x), Ta(z): 2 € X} 


Definition 2.6. Consider two neutrosophic sets A=(T\(x),/i(x), Fi(a)) and 
B= (T)(2), In(a), Fa(a)) 

The intersection of A and B is denoted as (AM B) (x) and is defined by 

= {< 2, min(Ta(x), Ta(x)), max(La(x), Ip(x)), max(Fa(x), Fp(x)) >: 2 € X} 

The union of A and B is denoted as (A U B) (x) and is defined by 

= {< xe, man(T s(z); Tela) mint Lae), dela) Fale) Fee) Sr ae X } 


Definition 2.7. [9] Let A and B be two neurtosophic sets on X and A, B € N(X). 
A similarity measure between two neutrosophic sets is a function S : A(x) x B(x) > 
[0,1] which is satisfies the following conditions: 
i. 0<S(A,B) <1 
ii. S(A,B) =1 iff A=B 
iii, S(A, B) = S(B, A) 
iv. If AC B CC then S(A,C) < S(A,B) and S(A,C) < S(B,C) for all 
A, B,C € N(X). 


Definition 2.8. [9] Let N(X) be all neutrosophic sets on X and A € A(X). An 
entrophy on neutrosophic sets is a function Ey : N(X) — [0,1] which is satisfies 
the following axioms: 

i. Ey(A) = 0 if A is crisp set 

ii. Ey(A) = 1 if (T(x), a(x), Fa(x)) = (0.5, 0.5, 0.5) for all a e X 

iii. Ey(A) > En(B) if AC B,ie. Ta(x) < Ta(a), Fa(x) > Fp(x) and I4(x) < 

Ip(ax) for alla e X 
iv. E4(x) = En(A‘) for all A € N(X). 


3. BIPOLAR NEUTROSOPHIC SETS 


In this section, a new similarity meaure and entropy for bipolar neutrosophic sets 


are introduced. 


Definition 3.1. [2] A set A of the form 
A= Te) a ae). (et ae ey) ees 
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is called a bipolar neutrosophic set. where T*,/*+,F* : X -—> [0,1] and 
T-,I-,F~:X — [-1,0]. Here (Tt (x), I*+(x), F*(x)) are the positive membership 


degree of truth, indeterminacy and falsity of an element x € X and similarly 


(T~ (x), I~ (x), F~(x)) are the negative membership degree of truth, indeterminacy, 
falsity of an element « € X to some counter property of neutrosophic set A. 
Example: Let 7; € X then A = {(21, 0.6, 0.5, 0.3, —0.5, —0.4, —0.02)} is a bipolar 


neutrosophic number of X. 


Definition 3.2. 2] Let A = («,T{(x), f(x), Fq(«), T(x), 14 (2), Fy (x)) and 
B = (2,73 (2), I$ (x), F(x), T3 (x), g(x), Fg(z)) be two bipolar se coe 
sets. Then A C B if and only if 
Ty (x) < Tg (x), T4(@) < Ip (2), FA(x) = 
T, () 2 Tp (#), 1a (@) 2 Ip(@), Fa (@) S 


Fi (a) and 
F3 (x) for alla e X. 


Definition 3.3. Let A= (77 (a), 0 a) 1s 1g @)-F ys @)) and 
B= (a,Tf(2), 18 (x), FA (x), Tg (x), [g(a), Fg(z)) be two bipolar neutrosophic 
sets. The union of two bipolar neutrosophic sets A and B is denoted by AU B and 


defined as: 
(AU B) (2) = {max (P7@, 73 @)) Ty (2) ; Ip (a) 


TV (a In z - = 
ri Vt ( maz (Fj (2), Fa(a)) 


The intersection of two bipolar neutrosophic sets A and B is denoted by AM B and 


defined as: 
(AN B) (2) = {min (Tt (x), Tz (x)), TA (2) t [3 (2) 


(2) + Ip(z 2 = 

1) min (Fa (0), Fale) } 
Definition 3.4. 2] Let A = (2,T{(x), 14 (a), Ff (2), T(x), 14 (2), Fy (x)) be a 
bipolar neutrosophic set in X. Then complement of A is denoted by A* and is 
defined by: A‘ 

={(1 = 2 (a) =17(e),1 =F aot ea (x), 1 sone | (x), 1 ‘=i (x))} 


»min (Fi (x), Fe (2)), 


min (T; (Zot s (x)) ; 


max (FI); F3(2)) ; 


maz (T, (2) tS (x)) : 


Definition 3.5. [2] Let a; = (7;", I}, FT; F-),j =1,2,3...n be a family 


? i ? ’ >] [, 2 
of bipolar neutrosophic numbers. A function A, : 2, — Q is called bipolar 
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neutrosophic weighted average operator if it satisfies 


Ay (Ot; O45 Gi 52524. 0y) = , wa; 
n 


-(-Tlo-my° TL: STDs I] (-77)”’. 


: (: 7 I Ge ny) - ( - i 7 ce) 


Definition 3.6. Similarity measure of bipolar neutrosophic sets 


“~~ 
ay 
SS 


Let A,B be two bipolar neutrosophic sets in X. The similarity measure between 


the bipolar neutrosophic sets A and B is defined by: 


|T4 (wi) — TH (xa)| + [Tq (ws) — Te (xi)| + |Z ( Zi) Tt (ai)| 
Cpe ai)| + Fates) ~ Fate) 


(2) 


We shall prove that this bipolar similarity measure satisfies the fundamental 
properties of the definition 2.7 
Proof: 
This bipolar similarity measure satisfies the properties (1 — 3) of definition 2.7 and 
it is obivious. We prove the property 4 by following: 
Let AC B CC, Then we have 


Ti (xi) < Tg (%i) S TS (ai), TA (@) < 
T) (ui) 2 Tp (vi) = Te (21), 14 (ai) 2 
It follows that 

|TH (ws) — Te (@a)| + |Ta (es) — Tp (@a)| < [TH (as) — TS (@a)| + [Ta (es) — Te (2s)I, 
[TA (wi) — TR (aa)| + [LG (es) — Te (wa) | < [4 (es) — 1S (@a)| + [Ta (ei) — Ie (2), 

|Fd (ws) — FS (as)| + [Fa (as) — Fg (as)| < [FE (ea) — FS (ea)| + |Fa (a) - Fo (2) |. 
Then 


n 


S- [1 = Us(A, B)] 2 S- [1 _ Us(A, C)| 


i=1 i=1 
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where 


ps(A, B) = (|T4 (xi) — T3(a.)| + [Ta (es) — Te (aa)| + [ZA (ea) — 15 (2s) | 
+ [Iq (xi) — Tp (wa)| + |FE(@s) — FB (@s)| + [Fa (es) — Fe (ai)/) /6, 


Hs(A,C) = (|THE (2s) — Ta (wa)| + [Ta (i) — Te (ed) + [UR (ed) — 1G (2) 
+ |I,(@) — Ig (@a)| + [FX (es) — FS (ea)| + |Fa @) — Fo (a,)|) /6 


Therefore it satisfies that S(A,B) > S(A,C). Similarly, S(B,C) > S(A,C). 


Hence the proof is complete. 


Definition 3.7. Entropy of bipolar neutrosophic sets 
Let Ng(X) be bipolar neutrosophic set on X and A € Npg(X). An entropy on 
bipolar neutrosophic sets is a function Ey, : Ng(X) — [0,1] which is satisfies the 
following properties: 
i. Ep(A) = 0 if A is crisp set 
ii, Bp(A) = 1 iff (Tf (o), 42), Fi (e), Ty (2), Tq (@), Fy (@)) 
= (0.5, 0.5, 0.5, —0.5, —0.5, —0.5) 
ili. Eg(A) > Ep(B) if A is more uncertain than B. 
ie. THe) — (1-Th(e)) + Fi(@) - (1 - FE(@) < THe) - (1- THe) + 
Fis (0) - (1 — Fif(a)) and |If(e) - (1 = 14(@))| + [g(@) - > - G@))| < 
25 (x) — (1 — 18 (2))| + [Zp(e) — > — Jg(2))| 
iv. Ep(A) = Ep(A°) VA € Npa(X) 


Considering the fact that uncertainty in a bipolar neutrosophic set occurs due to 
partial belongingness, non-belongingness and indeterminacy over belongingness, an 


entropy measure E’p of bipolar neutrosophic set A is proposed here as follows: 


(Tq (ai) + (1 — Ty (ws) + FA (ai) + (1 — Fy (2) * 


pp(A) =1-2 | 3 —W@ -0- ie I+ ae) == FD) | 
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4. ALGORITHM FOR THE PROPOSED METHOD 


Step 1 For a MADM problem, a bipolar neutrosophic decision matrix 
(BNDM) A= (aij)mxn is constructed. 


Step 2 Compute bipolar neutrosophic average operator vaules for each 


alternative over attributes by A; = Aw(aj, Ga, 43,..., Gn) 


Step 3 Fix absoulte ideal point for bipolar neutrosophic sets 


Ba HO 060-12), 4 S120 


945 ae 


Step 4 Calculate bipolar similarity measure between bipolar neutrosophic 


average operator vaules A; and bipolar neutrosophic fixed ideal point R¥,. 


S(A;, R*,), Vi = 1,2,3,...,m,j =1,2,3,...,n 


Step 5 Calculate the information entropy Fg(A;) corresponding to all bipolar 


neutrosophic average operator vaules A; = Ay (qj, @2, G3,...,@n)- 


Step 6 Utilize the formula Z;(w) = Ep,(A;) * S(A;,R%,) to obtain the 


alternative values. 


Step 7 Choose the alternatives A; according to values of Z;(w),i = 1,2,..m. 


5. ILLUSTRATIVE EXAMPLE OF THE PROPOSED METHOD 


Higher education could be a major challenges in India. Particularly, rural students 
of the country are facing most of the challenges. One of the challenges in education is 
academic performance of the students and it plays a significant role in development 
of induvial and further in the growth of the country. So as to search out the most 
important challenges, we have a tendency to use fuzzy approach based on bipolar 
neutrosophic similarity measure and bipolar neutrosophic entropy to the problem. 
We catagorized a number of the factors that are directly or indirectly faced by the 
students and we have listed the factors as follows: 


Alternatives 


A, - Lack of poper transportation. 


Az - People those who are belonging to remote rural areas have meager income. 
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A3 - Lack of proper infrastructure at rural colleges. 


A, - Number of higher education sector is less in rural areas. 


- Being absent frequently / coming late to class. 


- Not studying / not reviewing lessons at home. 


- Not understanding the teacher’s language. 


As - Low level of awareness. 

Ag - Minimal resources to guide students. 
Attributes 

Cy 

C2 

C3 - Having problem with teacher. 

C, - Due to addiction dislike to study. 

Cs 

Cs - Having no plan for future. 

Cr 


- Feeling shy / feeling uncomfortable / not focusing. 


ISSN NO: 0686-9367 


In this decision making problem we have taken seven attributes to evaluate the 


alternatives. First we get expert opinion for the above problems in terms of bipolar 
neutrosophic values. TABLE 1. 


neutrosophic decision matrix. 


and TABLE 2. show the expert values in bipolar 


TABLE 1. 
DM Ci Os GC, er 
A, | (0.8,0.4,0.3, -0.3,-0.7,-0.7) | (0.6,0.4,0.5, -0.3,-0.2,-0.5) | (0.3,0.6,0.7, -0.1,-0.3,-0.5) | (0.2,0.5,0.6, -0.3,-0.6,-0.7) 
Ay | (0.1,0.6,0.8, -0.6,-0.4,-0.5) | (0.3,0.6,0.7, -0.5,-0.5,-0.6) | (0.2,0.7,0.8, -0.7,-0.4,-0.2) | (0.6,0.5,0.3, -0.4,-0.3,-0.6) 
As | (0.2,0.7,0.8, -0.9,-0.3,-0.4) | (0.6,0.4,0.8, -0.5,-0.3,-0.2) | (0.4,0.6,0.8, -0.5,-0.6,-0.2) | (0.3,0.7,0.6, -0.6,-0.5,-0.5) 
Ag | (0.2,0.8,0.9, -0.7,-0.3,-0.2) | (0.3,0.6,0.8, -0.6,-0.5,-0.3) | (0.1,0.7,0.9, -0.8,-0.4,-0.2) | (0.3,0.5,0.6, -0.8,-0.5,-0.5) 
As | (0.6,0.4,0.4, -0.5,-0.3,-0.5) | (0.8,0.3,0.1, -0.2,-0.7,-0.8) | (0.5,0.5,0.6, -0.4,-0.6,-0.3) | (0.9,0.2,0.2, -0.2,-0.9,-0.8) 
Ag | (0.4,0.5,0.7, -0.6,-0.4,-0.3) | (0.6,0.4,0.4, -0.3,-0.7,-0.6) | (0.8,0.3,0.2, -0.3,-0.2,-0.7) | (0.3,0.5,0.8, -0.7,-0.6,-0.3) 
TABLE 2. 
DM Ce Cs Gy 
A, | (0.1,0.7,0.8, -0.3,-0.4,-0.5) | (0.1,0.6,0.7, -0.8,-0.3,-0.4) | (0.3,0.4,0.6, -0.5,-0.5,-0.7 
Ap | (0.1,0.7,0.9, -0.9,-0.3,-0.2) | (0.8,0.4,0.1, -0.3,-0.5,-0.8) | (0.7,0.5,0.3, -0.2,-0.4,-0.5 
As | (0.1,0.7,0.9, -0.8,-0.4,-0.2) | (0.2,0.5,0.8, -0.7,-0.4,-0.3) | (0.5,0.3,0.4, -0.4,-0.8,-0.5 
Ag | (0.1,0.8,0.9, -0.9,-0.3,-0.2) | (0.4,0.4,0.5, -0.5,-0.3,-0.7) | (0.2,0.7,0.9, -0.8,-0.2,-0.3 
As, | (0.2,0.7,0.8, -0.9,-0.4,-0.3) | (0.8,0.3,0.3, -0.3,-0.7,-0.6) | (0.4,0.5,0.7, -0.7,-0.6,-0.3 
Ag | (0.7,0.3,0.5, -0.4,-0.8,-0.6) | (0.9,0.3,0.2, -0.2,-0.7,-0.8) | (0.4,0.5,0.7, -0.8,-0.7,-0.4 


Weighted values of attributes is C) = 0.2,Cy) = 0.15,C3 = 0.1,C, = 0.1,C5 = 


0.15,Cg = 0.2,C7 = 0.1. Then bipolar neutrosophic average operator values for 
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each alternatives over attributes is calculated by definition 3.2 and the values are as 


follows: 
Ai = (0.446, 0.502, 0.556, —0.344, —0.461, —0.577) 
Ay = (0.476, 0.554, 0.433, —0.472, —0.415, —0.557) 
As = (0.329, 0.544, 0.738, —0.643, —0.465, —0.331) 
Aa = (0.248, 0.620, 0.755, —0.691, —0.358, —0.393) 
As = (0.677, 0.384, 0.350, —0.397, —0.626, —0.572) 
) 


A; = (0.676, 0.384, 0.426, —0.398, —0.632, —0.583 


Using definition 3.6, the bipolar neutrosophic similarity measure between bipolar 
neutrosophic average operator vaules A; and bipolar neutrosophic fixed ideal point 
R*, are as follows: 

S(A,, R*,) = 0.514, S(Ag, R*,) = 0.498, 

S(A3, R*,) = 0.366, S(Ay, R*) = 0.322, 

S(As, R*,) = 0.624, S(Ag, R*,) = 0.614. 


The information entropy E’g(A;) corresponding to all bipolar neutrosophic average 
operator vaules A; is calculated by the definition 3.7 
Ep(A;) = 0.085, Ep(A2) = 0.262, 
Ep(A3) = 0.166, Ep(A,) = 0.502, 
Ep(As) = 0.498, Ep(Ag) = 0.525. 
By applying the formula Z;(w) = Ep(A;) * S(A;, R*,), we get the following values 
for each alternatives 
Z,(w) = 0.044, Z(w) = 0.131, Z3(w) = 0.061, 
Z4(w) = 0.162, Zs(w) = 0.311, Z(w) = 0.322. 


6. CONCLUSION 


This paper contributes a new similarity measure between two bipolar neutrosophic 
sets and also introduces a new procedure to find the entropy of bipolar neutrosophic 
set and vality of the definition 3.6 and 3.7 have been verified with their properties. 
From the analysis of the problem, according to the proposed method, the ranking 
order of the six alternatives is Ag > As > Ay > Ay > A3 > A,. Hence, the important 


challenge in higher education is Ag - the minimal resources to guide students. 


Volume XI, Issue IX, September/ 2019 Page No:328. 


The Intemational joumal of analytical and experimental modal analysis ISSN NO: 0886-9867 


REFERENCES 


[1] Florentin Smarandache, Neutrosophy. Neutrosophic Probability, Set, and Logic., Amer. Res. 
Press, Rehoboth, USA, (1998, 2000, 2002, 2005, 2006), 105 

[2] Irfan Delia, Mumtaz Ali, and Florentin Smarandacheb, Bipolar Neutrosophic Sets and 
Their Application Based on Multi-Criteria Decision Making Problems, Proceedings of the 2015 
International Conference on Advanced Mechatronic Systems, (2015), 249-254 

[3] Zadeh L.A., Fuzzy sets, Inf. Control, (1965), 8, 338-353 

[4] Raja Muhammad Hashim, Muhammad Gulistan and Florentin Smarandache, Applications of 
Neutrosophic Bipolar Fuzzy Sets in HOPE Foundation for Planning to Build a Children Hospital 
with Different Types of Similarity Measures, Symmetry, (2018), 10, 331 

[5] Vakkas Ulucay, Irfan Deli, Mehmet Sahin, Similarity measures of bipolar neutrosophic sets and 
their application to multiple criteria decision making, Neural Computing and Applications, 2018, 
Volume 29, 739748 

[6] Said Broumi, Assia Bakali, Mohamed Talea, Florentin Smarandache, Prem Kumar Singh, 
Vakkas Uluay and Mohsin Khan, Bipolar Complex Neutrosophic Sets and Its Application in 
Decision Making Problem , Fuzzy Multi-criteria Decision-Making Using Neutrosophic Sets, (2018), 
369, 677-710 

[7] Irfan Deli, Yusuf uba, Florentin Smaradache and Mumtaz Ali, Interval Valued Bipolar 
Neutrosophic Sets and Their Application in Pattern Recognition, Conference proceedings, (2016) 

[8] Surapati Pramanik, Partha Pratim Dey and Florentin Smarandache, Correlation Coefficient 
Measures of Interval Bipolar Neutrosophic Sets for Solving Multi-Attribute Decision Making 
Problems, Neutrosophic Sets and Systems, (2018), 19 

[9] Ali Aydogdu , On Similarity and Entropy of Single Valued Neutrosophic Sets, Gen. Math. 
Notes, ( 2015), 29, 67-74 


Volume XI, Issue IX, September/ 2019 Page No:529. 


